Adrenocortical carcinoma (ACC) is a rare neoplasm characterized by poor prognosis. First-line systemic treatments in advanced disease include mitotane, either alone or in combination with chemotherapy. Studies evaluating second-line therapy options have obtained disappointing results. This trial assessed the activity and toxicity of gemcitabine plus metronomic fluoropyrimidines in heavily pretreated advanced ACC patients. From 1998 to 2008, 28 patients with advanced ACC progressing after mitotane plus one or two systemic chemotherapy lines were enrolled. They received a combination of i.v. gemcitabine (800 mg/m 2 , on days 1 and 8, every 21 days) and i.v. 5-fluorouracil protracted infusion (200 mg/m 2 /daily without interruption until progression) in the first six patients, or oral capecitabine (1500 mg/daily) in the subsequent patients. Mitotane administration was maintained in all cases. The rate of non-progressing patients after 4 months of treatment was 46.3%. A complete response was observed in 1 patient (3.5%); 1 patient (3.5%) obtained a partial regression, 11 patients (39.3%) obtained a disease stabilization and 15 patients (53.7%) progressed. Treatment was well tolerated, with grade III and IV toxicities consisting of leukopenia in six patients (21.4%), thrombocytopenia in one patient (3.5%), and mucositis in one patient (3.5%). Median time to progression and overall survival in the patient population were 5.3 (range: 1-43) and 9.8 months (range: 3-73) respectively. Gemcitabine plus metronomic fluoropyrimidines is a well-tolerated and moderately active regimen in heavily pretreated ACC patients.
Introduction
Adrenocortical carcinoma (ACC) is an extremely rare disease characterized by poor prognosis (Crucitti et al. 1996 , Icard et al. 2001 ). The overall 5-year survival rate of ACC patients ranges between 23 and 60% (Icard et al. 2001 , Abiven et al. 2006 . Stage at diagnosis is the strongest prognostic parameter (Allolio & Fassnacht 2006 ), and surgery is the mainstay of treatment. However, a significant number of patients are not operable at diagnosis, and many patients radically resected are destined to relapse frequently within the first 2 years (Allolio & Fassnacht 2006) . The prognosis of advanced/metastatic ACC patients not amenable to surgery is dismal with an estimated survival rate ranging within few months and few years (Crucitti et al. 1996 , Icard et al. 2001 . Systemic therapy for ACC at this stage has lead to modest results, and it is actually not clear whether it has any role in modifying the natural history of the disease. The adrenolytic drug mitotane (1,1 dichloro-2 (o-chlorophenyl)-2-(p-chloro-phenyl) ethane) has been widely employed, but objective responses were observed in about 25% of cases only (Hahner & Fassnacht 2005) . Advanced ACC patients progressing to mitotane treatment or patients demonstrating a rapid pattern of tumor growth are usually treated with chemotherapy. However, experience with cytotoxic chemotherapy is limited. Only nine phase II studies of chemotherapy including ten or more patients have been published up to now (van Slooten & van Oosterom 1983 , Decker et al. 1991 , Schlumberger et al. 1991 , Bukowski et al. 1993 , Bonacci et al. 1998 , Khan et al. 2000 , Williamson et al. 2000 , Abraham et al. 2002 , Berruti et al. 2005 . Cisplatin is the cytotoxic agent most frequently used either alone or in combination with mitotane or other cytotoxic drugs. Cisplatincontaining regimens lead to response rates ranging between 11 and 48%. Combination chemotherapeutic regimens including mitotane seem to be more active than those without. Whatever was the cytotoxic regimen employed, the median duration of disease response ranged between 7 and 18 months. The question of whether cisplatin-containing schemes are more efficacious than non-cisplatin-containing ones is being addressed by a large multicenter, multinational, randomized prospective study that is currently ongoing with the aim to compare efficacy of etoposide, doxorubicin, and cisplatin (EDP) plus mitotane versus streptozotocin plus mitotane (FIRM-ACT study). On these premises, many patients submitted to chemotherapy and mitotane are expected to fail or progress after initial response, and there is, therefore, an urgent need for salvage therapy. At the present time, a few experiences regarding the role of second-and thirdline therapy for refractory ACC have shown disappointing results (Baudin et al. 2002 , Khan et al. 2004 , Quinkler et al. 2008 , Wortmann et al. 2009 ). At the Consensus Conference held in Ann Arbor in 2003 (Schteingart et al. 2005) , gemcitabine was considered among the most promising agents. The combination of gemcitabine and fluoropyrimidines, such as 5-fluorouracil and capecitabine, has been found to be synergistic and efficacious in the management of advanced pancreatic cancer (Herrmann et al. 2007) . The combination of gemcitabine and capecitabine has shown a modest but reproducible activity in patients with advanced kidney cancer, a disease notoriously resistant to chemotherapy (Tannir et al. 2008) .
Metronomic chemotherapy is the frequent administration of cytotoxic drugs at doses that are low enough to avoid dose-limiting adverse effects, which would otherwise require rest periods (Kerbel & Kamen 2004) . This treatment modality targets tumor cells indirectly via inhibiting angiogenesis and vasculogenesis by continuously exposing the more slowly proliferating tumor endothelial cells to cytotoxic therapy (Bottini et al. 2006) . Low-dose metronomic chemotherapy may offer several advantages, including low toxicity and treatment response irrespective of the resistance profile of the tumor cell population (Berruti et al. 2000) . Based on these observations, we have designed and conducted a phase II study with the aim of testing the activity of gemcitabine administered in association with continuous 5-fluorouracil infusion or metronomic capecitabine, an oral fluoropyrimidine derivative, as a second-/third-line approach in advanced ACC patients.
Patients and methods
Patients with histologically confirmed diagnosis of ACC, locally advanced or metastatic not amenable to radical resection were considered eligible. Central pathology review was not mandatory before patient registration in the study, but in all cases, the histological diagnosis of ACC was confirmed according to the Weiss criteria (Weiss 1984) by the study pathologist. Inclusion criteria were at least one radiologically measurable lesion, progressive disease after one or two cytotoxic chemotherapy lines (including a cisplatin-based protocol), performance status 0-2 according to ECOG scale, life expectancy R3 months, age R18 years, adequate bone marrow reserve (neutrophils R1500/mm 3 and platelets R80 000/mm 3 ), adequate renal and hepatic function (creatinine clearance O60 ml/min, bilirubin, aspartate aminotransferase, and alanine aminotransferase %1.5 times the upper limit of normality), and effective contraception in pre-menopausal females. Exclusion criteria were previous exposure to gemcitabine or fluoropyrimidines, history of other neoplasms within 5 years, presence of active infection, history of myocardial infarction or unstable angina, cardiac insufficiency, uncontrolled arrhythmias, presence of osteoblastic bone metastasis as the only site of disease, P Sperone et al.: Salvage chemotherapy in adrenal cancer www.endocrinology-journals.org and radiation therapy to measurable lesions. The study was approved by the local ethical committees of the participating centers. Written informed consent was obtained from all patients before inclusion in the study.
Patient evaluations
Pre-chemotherapy evaluations included a documentation of complete medical oncologic history, physical examination, assessment of performance status (ECOG scale), routine chemistry, determination of steroid hormone levels (including at least measurement of serum and urinary cortisol, dehydroepiandrosterone sulfate and, in women, testosterone), electrocardiography, computed tomography (CT) scanning of chest and abdomen, and bone scan if the presence of bone metastases was clinically suspected. Physical examination and routine chemistry were repeated at days 1 and 8 of every cycle.
Evaluation of response and toxicity
Assessment of response was initially planned to be performed according to the WHO criteria (Miller et al. 1981) . From 2000 onwards, however, RECIST criteria were introduced (Therasse et al. 2000) , and patients previously evaluated with WHO criteria were retrospectively reassessed according to RECIST. Hormone response was defined as complete if a normalization of all previously elevated steroids was attained, while partial hormone response was defined as a reduction O50% of pretreatment levels. However, changes in hormone levels per se were not considered as a response to treatment. Tumor status and endocrine pattern were assessed after 2 and 4 months for the first two evaluations and then every 3 months, until discontinuation of study treatment. Toxicities were graded using WHO criteria (Miller et al. 1981) .
Treatment plan
Gemcitabine was administered i.v. at doses of 800 mg/m 2 on days 1 and 8 every 21 days (calculated from the first day of drug administration), as an infusion over 30 min. In the first six patients, gemcitabine was associated with 5-fluorouracil protracted i.v. infusion at doses of 200 mg/m 2 /daily without interruption until progression. From the seventh patient onwards, 5-fluorouracil was substituted by oral capecitabine, which was administered on a metronomic schedule at a dose of 1500 mg/daily without interruption. Treatment was discontinued in case of unacceptable toxicity, patient's refusal or evidence of disease progression. Concomitant administration of mitotane was mandatory. Consequently, all patients received adrenal replacement therapy to prevent adrenal insufficiency. Dose modifications were performed as follows: in case of myelosuppression (WBC count !2.5!10 9 cells/l and/or PLTS count !100!10 9 cells/l), 5-fluorouracil and capecitabine were continued, but gemcitabine was omitted. If the blood count recovered after 1 week, gemcitabine was then administered at full dose. If the blood count had not recovered, then gemcitabine was further omitted, and the dose was subsequently reduced by 25%. In the event of hand/foot syndrome, for mild to moderate palmo-plantar erythema (grade 1-2), patients continued 5-fluorouracil or capecitabine at full dose; for severe palmo-plantar erythema with blistering and desquamation, 5-fluorouracil or capecitabine was interrupted until improvement to grade 0-1. For grade 1 or 2 diarrhea, antidiarrheal agents were prescribed; for persistent diarrhea, 5-fluorouracil or capecitabine but not gemcitabine was discontinued for 1 week. In patients with grade 2 mucositis, infusional 5-fluorouracil or capecitabine was stopped for 1 week; for grade 3/4 mucositis, all drugs were interrupted until recovery and restarted at a 25% reduction in dosage.
Statistical methods
The primary objective of the study was the evaluation of the 4-month progression-free survival (PFS) rate, which was defined as the proportion of patients without disease progression after 4 months of treatment. Secondary objectives included tumor response rate, toxicity, time to progression (TTP), which was defined as the interval between the beginning of treatment and the date of documented disease progression, and overall survival (OS), which was defined as the time from beginning of treatment until date of death or the last date of follow-up. PFS rate was evaluated both in all the patients who were registered in the study, according to the intent to treat principle, and in the patients who were considered eligible. The size of this trial was determined using the min-max two-stage phase II design by Simon (1989) . Accordingly, the sample size was assessed to refuse a PFS rate of 15% (p0) after 4 months and to provide a statistical power of 80% in assessing the activity of the regimen at a PFS rate of 35% after 4 months. The upper limit of first stage rejection was 2 non-progressing patients out of 15 patients consecutively enrolled. The upper limit of second stage rejection was 7 non-progressing patients after 4 months out of 28 patients consecutively enrolled. All survival functions were computed using the Kaplan-Meier method. Statistical analysis was performed using the software STATISTICA for Windows (version 6.0) (StatSoft, Tulsa, OK, USA). 
Results

Patient characteristics
The study was activated on June 1998 and closed to patient accrual on December 2008. Twenty-nine patients entered the study and 28 of them were eligible. One patient was excluded after registration due to a diagnosis of kidney cancer after central pathology review. Table 1 shows the pretreatment characteristics of the eligible patients; they were 12 men and 16 women, aged 23-72 years. All patients had been heavily pretreated. Twenty-four patients (85.7%) had been submitted to surgery (8 of them to repeated surgery), and 17 (60.7%) had received mitotane either in adjuvant setting or for advanced disease. All patients had been previously submitted to one chemotherapy line with a cisplatin-containing regimen, the EDP scheme (EDP) plus mitotane in 85.8% of them. Nine patients (32.1%) had also received second-line regimens including streptozotocin (three patients), paclitaxel (three patients), doxorubicinClonidamine (two patients), and EDP (one patient). Hormone hypersecretion (mostly glucocorticoids with or without androgens) was demonstrated in 14 patients (50.0%). Liver and lung were the most frequent metastatic sites, and most of the patients had at least two different sites involved.
Treatment administered and toxicity
A median of 6 months of treatment (range 2-14) was administered. All patients continued mitotane treatment (prescribed in association to previous chemotherapy) concomitantly to gemcitabine and fluoropyrimidines, at median dose of 3 g/day (range 1-6). Drug-related adverse events were reported in Table 2 . As a whole, this chemotherapy regimen was well tolerated. Grade III and IV leukopenia was observed in six patients (21.4%); one patient (3.5%) experienced grade III thrombocytopenia, and one patient (3.5%) experienced grade III mucositis. All other toxicities were mild. Dose reduction for capecitabine and gemcitabine was performed in four (14.3%) and one patient (3.5%) respectively, due to leukopenia and poor performance status. Dose delay or temporary discontinuation due to toxicity was required for three patients (10.7%); gemcitabine was delayed 1 week for two patients, and capecitabine was discontinued for 1 week in one patient; leukopenia, thrombocytopenia, fever, and mucositis were the causes for these delays. Infusional 5-fluorouracil was neither reduced nor delayed because of toxicity.
Treatment activity
After 4 months of treatment, a clinical benefit (complete/partial response plus disease stabilization) was observed in 13 eligible patients (46.4%, 95% confidence interval (CI): 27.6-65.2), while the remaining 15 patients (53.7%) showed a disease progression 
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www.endocrinology-journals.org after 2-4 months ( Table 3) . The percent of patients obtaining a clinical benefit including all registered cases, according to an intent to treat analysis, was 44.8% (95% CI: 26.4-67.2). In detail, we observed 1 complete response (3.5%), 1 partial response (3.5%), and 11 disease stabilizations (39.3%). The rate of disease response plus stabilization in patients receiving gemcitabine plus 5-fluorouracil (one partial response and two disease stabilizations) was similar to that obtained with gemcitabine plus capecitabine (one complete response and nine disease stabilizations). The complete response was seen in a patient with multiple liver metastases, a single vertebral metastasis, and local recurrence who attained a complete shrinkage of visceral lesions at CT scan ( Fig. 1) at the second re-staging performed after 4 months, including a complete recalcification of the vertebral body lesion. The patient had been previously treated with EDP plus mitotane regimen, showing liver progression at first disease evaluation after three chemotherapy cycles. Serum mitotane levels were 10 ng/ml at the date of first gemcitabine infusion and 16 mg/dl at the first response evaluation. At the study end, she was still disease free with a response duration of 16 months. The patient attaining a partial response was bearing a large, inoperable, abdominal mass, which initially showed a disease response to EDP plus mitotane lasting 6 months. She obtained a modest tumor shrinkage after 4 months of gemcitabine plus 5-fluorouracil that become a partial response after 6 months. Serum mitotane levels were not measured, but the amount of drug taken by the patient did not change during the study as compared to the 6 months before the enrollment. The median duration of clinical responses or disease stabilization was 6 months (range: 4-16), and individual response duration is outlined in Fig. 2 
Time to progression and overall survival
Median TTP and OS in overall cases were 5.3 and 9.8 months respectively. Stratifying patients according to whether they obtained a clinical benefit or not, median survival was 15.6 and 8 months respectively. Serum mitotane levels were monitored in 19 patients, in 12 of them, the drug was above the therapeutic threshold CR, complete response; PR, partial response; NC, no change; P, progression; CI, confidence interval. Figure 1 Complete response observed in a patient with liver metastases. As compared to baseline, CT scan after 2 months of treatment showed a partial response of liver lesions (see arrows) that completely disappeared after 4 months.
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www.endocrinology-journals.org (14 ng/ml; Haak et al. 1994) , while it was below the therapeutic threshold in the remaining 7 patients. Mitotane was measured as previously described (De Francia et al. 2006) . As shown in Fig. 3 , patients with mitotane levels above the therapeutic threshold had a longer TTP than patients with lower mitotane serum levels, just failing to attain the statistical significance (PZ0.13).
Discussion
ACC is poorly responsive to systemic antineoplastic treatments; therefore, the search for active salvage treatments after progression to first-/second-line chemotherapy schemes represents a difficult task. As a matter of fact, drugs or combination regimens tested previously in this clinical setting did not show any relevant clinical activity (Baudin et al. 2002 , Khan et al. 2004 , Quinkler et al. 2008 , Wortmann et al. 2009 ). Thus, heavily pretreated ACC patients are left with a poor life expectancy. In this scenario, not only tumor shrinkage but also disease stabilization, particularly of long duration, is clinically meaningful. This is the reason for the rate of non-progressing patients after 4 months of treatment being the primary aim of the present study and not the clinical response rate, which is a commonly employed end point in phase II chemotherapy trials. The results obtained with the association of gemcitabine and fluoropyrimidines (5-fluorouracil then substituted with oral capecitabine) are, in our opinion, encouraging. While disease response according to RECIST criteria was observed in only 2 patients (7.2%), 13 patients (46.4%) attained a clinical benefit in terms of disease stabilization. In the absence of a control arm, it may be difficult to discriminate whether a stable disease is attributable to the treatment efficacy or an indolent behavior of the disease. However, all patients enrolled in this trial had a documented disease progression to previous treatment regimens before being registered. The clinical benefit in our series had a prognostic significance, as demonstrated by the survival comparison between patients obtaining disease response or stabilization and patients who did not. This is an expected observation in chemotherapy trials and does not represent a surrogate of treatment efficacy (Anderson et al. 1986 ). In four cases (14.3%), however, disease response or stabilization lasted between 8 and 19C months, and this result is noteworthy in this patient population. Interestingly, three patients with hormone-secreting ACC who had a stable disease at CT scan obtained a partial hormone response while experiencing a significant clinical improvement. One patient achieved a great result from this regimen since a long-lasting clinical complete response of the disease was obtained. Interestingly, the tumor of this patient was resistant to EDP plus mitotane; therefore, gemcitabine plus capecitabine could be potentially considered noncross resistant with cisplatin-containing regimens. This observation underlines the importance of assessing predictive markers of activity/resistance to antineoplastic agents in order to tailor to each patient the most efficacious therapy. Despite all patients included in the present trial had shown disease progression while they were on mitotane, this drug was not interrupted. Since mitotane should have been continued in the patient subset with hormone-secreting tumors, in order to obtain a homogeneous patient population, we decided to maintain this drug also in the patients without hormone-related syndromes. Figure 3 Time to progression curves according to mitotane concentration in 19 patients. Group A includes 12 patients whose mitotane levels were R14 mg/l. Group B includes 7 patients whose mitotane levels were !14 ng/ml. Of course, this trial does not provide any evidence that maintaining mitotane could have contributed to the positive results observed in some cases, however stratifying patients according to serum mitotane level attained, patients who had serum mitotane above the therapeutic threshold seemed to have a better TTP than those who did not. It should be noted that in the patient attaining a complete response, serum mitotane levels were just below the therapeutic range before entering the trial and attained this range at the time of response assessment, so that we could not exclude a possible contribution of mitotane to the response obtained. These data suggest to explore the efficacy of continuing mitotane in addition to new chemotherapeutic drugs in patients experiencing progression during an (Weiss 1984) initial mitotane-based regimen. Gemcitabine and fluoropyrimidine combination regimen was well tolerated; leukopenia and mucositis were the most severe toxicity observed, but only rarely they led to dose reduction and temporarily treatment withdrawal. The non-overlapping toxicity profile of gemcitabine and 5-fluorouracil or capecitabine could account for the good tolerability of the combination. The substitution of infusional 5-fluorouracil with oral capecitabine, avoiding the need of a central venous access, improved overall tolerability. The rarity of this tumor hampers the implementation of clinical trials. As a matter of fact, the patient accrual in this trial was very long (10 years), and this represents a limitation. Recently, it has been shown that either gemcitabine administered in association to erlotinib (Quinkler et al. 2008) or capecitabine administered in association to bevacizumab (Wortmann et al. 2009 ) led to poor results in heavily treated patients. These data seem in contrast with the results of the present study. We do not have any clear explanation of these differences but only suggestions. Epidermal growth factor receptor inhibitors and vascular endothelial growth factor inhibitors may be not efficacious in the management of ACC patients, despite the positive results obtained in other malignancies. Gemcitabine and capecitabine may be not very active when used alone, but the association of drugs can increase the efficacy. Gemcitabine and capecitabine (or 5-fluorouracil), in fact, inhibit different targets and show synergistic antitumor activity when combined in human xenograft models (Sawada et al. 2002) .
In conclusion, gemcitabine plus metronomic fluoropyrimidines is a well-tolerated regimen for heavily pretreated ACC patients and is potentially able to delay the disease progression in a substantial proportion of patients.
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